Study Design: Prospective study. Purpose: To compare patients' and parents' perceptions of physical attributes (PAs) of adolescent idiopathic scoliosis (AIS) patients and to report any correlations between their perceptions and Scoliosis Research Society-22r (SRS-22r) scores. Overview of Literature: Few studies have looked into the differences between patients' and parents' perceptions of their appearance. Methods: AIS patient-parent pairs (n=170) were recruited. The patients' and parents' perceptions of six PAs were evaluated: waist asymmetry (WA), rib hump (RH), shoulder asymmetry (SA), neck tilt, breast asymmetry (BrA), and chest prominence. These PAs were ranked, and an aggregate PA (Agg-PA) score was derived from a score assigned to the attribute (6 for the most important PA and 1 for the least important). The patients also completed the SRS-22r questionnaire. Results: Ninety-nine patients (58.2%) and 71 patients (41.8%) had thoracic and lumbar major curves, respectively. WA was ranked first by 54 patients (31.8%) and 50 parents (29.4%), whereas RH was ranked first by 50 patients (29.4%) and 38 parents (22.4%). The overall Agg-PA scores were similar for patients and parents (p>0.05). However, for thoracic major curves (TMCs) >40°, a significant difference was noted between the Agg-PA scores of patients and parents for SA (3.5±1.6 vs. 4.2±1.6, p=0.041) and BrA (3.0±1.6 vs. 2.2±1.3, p=0.006). For TMCs <40°, a significant difference was found between the Agg-PA scores of patients and parents for WA (3.7±1.6 vs. 4.4±1.5, p=0.050). BrA was negatively correlated with total SRS-22r score. Conclusions: There were no significant differences between patients and parents in their ranking of the most important PAs. For TMCs >40°, there were significant differences in the Agg-PA for SA and BrA. Pa¬tients were more concerned about BrA and parents were more concerned about SA. Patients' perception of the six PAs had weak correlation with SRS-22r scores.
Introduction
Scoliosis is a three-dimensional deformity of the spine that results in rib hump (RH), waist asymmetry (WA), and shoulder asymmetry (SA), as well as breast asymmetry (BrA) in females [1] [2] [3] . These abnormal physical attributes (PAs) affect general life and health-related quality of life (HRQL) in adolescent idiopathic scoliosis (AIS) patients [4] [5] [6] . Many studies have reported that untreated AIS patients have lower self-esteem, poor self-image, and reduced participation in social life [7] [8] [9] [10] [11] . Suicidal ideation, worry and concern over body development, and alcohol consumption have also been reported in these patients [12] . Rinella et al. [13] reported that parents of children with AIS rated their children's body images higher than the children themselves did. Sanders et al. [14] conducted a study in 182 patients and 133 parents using the Walter Reed Visual Assessment Scale (WRVAS) instrument. This instrument consists of a set of figures representing seven body images (domains): body curve, head pelvis, rib prominence, shoulder level, flank prominence, scapula rotation, and head rib pelvis. The study found that the WRVAS scores for children's body image of patients and parents were highly correlated. The parents gave slightly lower scores to deformity of the ribs and shoulders than did the patients [14] . However, this study did not include some important PAs, such as BrA, chest prominence (CP), and neck tilt (NT). The objective of the present study was to compare patients' and parents' perceptions of physical appearance of AIS patients and to report any correlations between patients' and parents' perceptions of physical appearances and the Scoliosis Research Society-22r (SRS22r) scores.
Materials and Methods

Study design
We prospectively recruited 195 AIS patient-parent pairs for this study. The study was conducted between June 2016 and December 2016 in a single academic institution with a dedicated spinal deformity service. The study was approved by University Malaya Medical Centre ethical board (MECID. no., 20167-2622). Patients with non-idiopathic scoliosis and those who had undergone corrective or revision surgery for scoliosis were excluded from the study.
The patients and their parents were required to complete the questionnaires independently. The patients completed a questionnaire consisting of three sections. The first section of the questionnaire was the SRS-22r patient questionnaire consisting of 22 items from five domains (function, pain, self-image, mental health, and satisfaction or dissatisfaction regarding the management of their condition). Each item was scored on a scale from Most concern/ most worry Most concern/ most worry Most concern/ most worry Fig. 2 . Aggregate physical attribute score was generated.
Question 1: Fill in the six boxes below according to the body images above (A, B, C, D, E, and F). How do you rate your concern/worry of these body images in descending order?
Question 1: Fill in the six boxes below according to the body images above (A, B, C, D, E and F). How do you rate your concern/worry of these body images in descending order?
Least concern/ least worry Least concern/ least worry Least concern/ least worry 1 (worst) to 5 (best). The second section consisted of a set of figures representing six visible PAs: NT, SA, RH, CP, BrA, and WA (Fig. 1) . The patients were asked to rank the PAs that concerned them the most, from the most important (scored as 6) to the least important attribute (scored as 1) (Fig. 2) . This ranking was then converted into an aggregate PA (Agg-PA) score. Section 3 consisted of the patients' demographic data and clinical and radiological parameters and was completed by the investigators. The parents' questionnaire consisted of only the second section. Values are presented as number (%) or mean±standard deviation. (Table 2) . Patients had significantly different perceptions of the PAs of thoracic and lumbar major curves (p=0.013), but this difference was not found in parents (Table 3) .
Data collection and statistical analysis
For patients with lumbar major curves, WA had the highest Agg-PA scores. However, for those with thoracic major curves, RH had higher Agg-PA scores than WA in the patients' group, whereas the reverse was true in the parents' group. There were 86 patients with Cobb angle >40° (55 and 31 with thoracic and lumbar major curves, respectively) and 84 patients with Cobb angle <40° (44 and 40 with thoracic and lumbar major curves, respectively). Among patients with Cobb angle >40°, WA and RH had the highest scores whereas BrA and NT had the lowest scores for both thoracic and lumbar major curves in the patients' and parents' groups. However, there were significant differences between patients' and parents' Agg-PA scores for BrA and SA (Table 4) . BrA had a higher Agg-PA score among patients, whereas SA had a higher Agg-PA score among parents.
For patients with lumbar major curves with Cobb angle <40°, the perceptions of patients and parents were similar regarding Agg-PA scores. WA had the highest scores, followed by RH. For patients with thoracic major curves, RH had the highest score among patients (4.2±1.8), whereas WA had the highest score among parents (4.4±1.5). Among patients, SA had the second highest score (4.0±1.6), followed by CP (3.9±1.5). Among parents, WA was followed by CP (3.9±1.7) and SA (3.7±1.5). NT and BrA had the lowest scores for both thoracic and lumbar major curves. There were no significant differences between the scores for patients and parents, but there was a trend toward statistical significance in the difference between patients and parents in the scores for WA in thoracic major curves <40° (Table 4) . Table 5 shows the correlation between Agg-PA scores and SRS-22r scores of patients. In the overall group analysis, BrA had a weak negative correlation with all the domains except for the satisfaction domain. The other significant correlations were between SA and the mental health domain, CP and the pain domain, and WA and the mental health domain. For patients with thoracic major curves, BrA was significantly correlated with total score, the function domain, the self-image domain, and the mental health domain. For patients with lumbar major curves, SA was significantly correlated with the mental health domain, whereas NT was significantly correlated with the satisfaction domain.
Discussion
Cosmetic correction with surgical treatment has been reported as one of the concerns of AIS patients and their families [15] . Studies have found that patients with scoliotic deformities score lower in self-image and other HRQL assessments than normal individuals. A study by Feise et al. [7] of 70 AIS patients and 14 control subjects found that AIS patients scored lower than the control group in self-esteem, mood, and feelings. Another study by Watanabe et al. [8] of 141 untreated AIS patients and 72 controls found that patients scored lower than controls in pain and self-image. A similar study by Asher et al. [16] reported that presurgical AIS patients scored lower in pain and self-image than did other study groups (braced, observed, and healthy controls). AIS patients are particularly susceptible to low self-esteem, as they are at a stage of development where they are conscious of their self-image [17] [18] [19] [20] [21] . In addition to patients' perceptions of their PAs, studies have been conducted on parents' perceptions and expectations about their children's body image [6, 15, [22] [23] [24] . Failure to address the parents' concern will often lead to dissatisfied patients and dissatisfied parents following management of AIS. As reported in many studies, patients' perceptions of their body image are not always consistent with their parents' perceptions [13, 14] . In a prospective study conducted by Rinella et al. [13] , 101 operative AIS patient-parent pairs were administered the SRS-24 questionnaire at different periods of treatment. Parents consistently gave their children higher scores for selfimage, satisfaction, and total score than did the children themselves. Preoperatively, parents gave their children 7.5% higher scores for self-image than did the children themselves (p=0.002). Smith et al. [24] conducted a study in 128 patients and their parents to evaluate postoperative discrepancies between the children and parents in their perceptions of the children's appearance. They found that the children rated the appearance of their waist and their overall appearance significantly worse than the parents. Fair to moderate agreement between children and parents was noted for their perceptions of the appearance of the shoulder blade. The authors concluded that patients and parents do not strongly agree on the cosmetic outcome of the surgery, and patients perceive the outcome more negatively. Discrepancy between parents' and patients' perceptions should be recognized to manage their expectation of the patients' surgical or nonsurgical treatment. Current assessment tools for PAs have been widely reported. Commonly assessed PAs include waistline asymmetry, shoulder imbalance, rib prominence, trunk shift, and CP [14, [24] [25] [26] . Bago et al. [25] developed the Trunk Appearance Perception Scale to address the shortcomings of the WRVAS tool. In this assessment, three sets of figures are included showing the trunk from three viewpoints: looking toward the back, looking toward the head with the patient bending over, and looking toward the front. The patients scored the drawings on a scale from 1 (greatest deformity) to 5 (least deformity). In 2007, Sanders et al. [26] developed the Spinal Appearance Questionnaire (SAQ) by incorporating the WRVAS. Additional drawings and questions on evenness of the breast, chest, waist, limb length, and shoulders and general questions about appearance, self-image, and postoperative surgical scar were asked. This tool consists of 20 items for the patient and 21 items for the parent. These PAs correlate well with HRQL scores. Asher et al. [16] conducted a prospective observational study in 119 patients and found no correlation between SRS-22r questionnaire results and curve patterns. Trunk asymmetry correlated with selfimage, and Cobb score correlated with pain, self-image, and function.
In recent years, there has been increased interest in BrA and NT among AIS patients [27] [28] [29] [30] . Denoel et al. [27] conducted a study in 24 female AIS patients to describe the semiology for the assessment of BrA. In another study, Ramsay et al. [29] used MRI to characterize the presence of BrA in 30 female AIS patients. They reported that the left breast was larger than the right breast in 19 patients (65.5%) who presented with right-sided thoracic scoliosis, whereas the right breast was larger in patients with leftsided thoracic scoliosis. Twenty patients had a BrA of 5% or greater. Concern about BrA among patients and parents is an important aspect to be investigated. Kwan et al. [30] prospectively assessed 89 Lenke 1 and two AIS patients and reported that NT was a different phenomenon from shoulder imbalance. In another study, Menon et al. [31] reviewed 157 operated AIS cases and found eight patients who were disappointed with their shoulder imbalance and overall appearance. These patients were further assessed to determine features determining the occurrence of shoulder imbalance. We found good consistency between patients' and parents' perception of the PAs of scoliosis in general and in thoracic major curves and lumbar major curves. This was consistent with the results of previous studies [6, 15] . Misterska et al. [6] administered the Polish version of SAQ-Pl to 41 female AIS patients and their parents. The patients ranked the deformities in order of concern from greatest to least as general, waist, shoulder, chest, curve, trunk shift, kyphosis, and prominence. The parents ranked the deformities in order of concern from greatest to least as general, waist, chest, shoulder, curve, trunk shift, kyphosis, and prominence. Overall, the patients and parents had similar concerns and perceptions of the appearance of spinal deformities. The two most concerning PAs for both patients and parents were WA and RH. This result is consistent with the findings of Misterska et al. [6, 22] and Sanders et al. [14] , who reported similar findings in which head-rib-pelvic and rib prominence were scored highest.
Interestingly, there was a significant difference between patients and parents in Agg-PA scores, particularly for thoracic major curves. BrA scores were higher for patients than for parents. We also found significant correlations between BA and most of the domains in SRS-22r scores. This could be an indication that patients were aware of this important attribute and that it should be a subject of future research. NT was scored as the least important PA. This could be because this deformity is absent when the curve is less severe or has not undergone surgical intervention. Moreover, this deformity might not be apparent to patients who have long hair.
The limitations of this study include wide variation in the severity of the scoliotic deformity. Although we tried to stratify the patients according to those with Cobb angle <40° and those with Cobb angle >40°, a larger sample size would be needed to understand the effect of the magnitude of Cobb angle on the perception of PAs. Our sample also consisted of a multicultural mixture of patients, which could affect their perception of the PAs. Perception of PAs in the Asian community might differ from that in Western populations.
Conclusions
In conclusion, there were no significant differences between patients and parents in their ranking of the most important PAs. Both patients and parents were most concerned about RH and WA. However, for patients with thoracic major curves >40°, there were significant differences between patients and parents in their ranking of Agg-PA score for SA and BrA. Patients were more concerned about BrA than were parents, and parents were more concerned about SA than were patients. Patients' perception of the six PAs did not correlate strongly with SRS-22r scores.
